scattered; Ͼ95% of the differences were within the levels of agreement (defined by bias Ϯ 1.96 SD).
Inaccuracies in Free Thyroid Hormone Measurement by Ultrafiltration and Tandem Mass Spectrometry

To the Editor:
We have read with interest recent reports of the measurement of free thyroxine and free triiodothyronine by ultrafiltration and tandem mass spectrometry (1-4 ). There is, however, a fundamental flaw in these studies that we wish to bring to general attention. Ultrafiltration of serum was routinely carried out close to room temperature (25°C) (1) (2) (3) (4) . Ross and Benraad (5 ) and van der Sluis Veer and coworkers (6 ) have demonstrated that the free analyte concentrations typical of serum at body temperature (37°C) are not maintained in other environments. Crucially, the above workers and others (7 ) have shown that the binding affinity of thyroxine-binding globulin for thyroid hormones is very sensitive to temperature variations, undergoing drastic changes, both in absolute terms and relative to the other thyroxine-binding proteins, which are less affected (5, 6 ). Hence, one can no longer regard the reported results (1-4 ) as accurate. All studies, including those with study populations of pregnant and nonpregnant euthyroid individuals (1-4 ), should be repeated at 37°C, when we suspect that different conclusions may be drawn. 
Role of Sponsor:
The funding organizations played no role in the design of study, choice of enrolled patients, review and interpretation of data, or preparation or approval of manuscript. 
In Reply
In our earlier studies ultrafiltration (UF) 1 was performed at 25°C and not at room temperature or 37°C (1, 2 ). This was done to provide the endocrinologists at Children's National Medical Center with results that were essentially identical to those obtained by the then gold standard equilibrium dialysis immunoassay (EDIA) method marketed by Nichols. Comparison between these 2 approaches, EDIA and UF tandem mass spectrometry (UFMSMS) yielded the regression equation: EDIA ϭ 0.971 (UFMSMS) ϩ 0.041, r ϭ 0.954 (1 ), and we observed close agreement between the 2 methods (1, 2 ) .
The UF temperature used in the recently reported studies (3, 4 ) was also 25°C. Clearly the fact that this UFMSMS method yielded results that correlated well with both the gold standard EDIA method (performed at 37°C) and with log thyroid-stimulating hormone is a measure of the veracity and clinical utility of the UFMSMS method. Note that the direct analog IA correlation with EDIA/UFMSMS and log thyroid-stimulating hormone was poor (1-4 ) . In the study population of pregnant women a correlation of r ϭ 0.898 was also observed between the EDIA gold standard method and UFMSMS at 25°C (3 ).
Our initial studies (1, 2 ) reflecting the effect of UF temperature on free thyroxine (FT 4 ) and free triiodothyronine (FT 3 ) measured by UFMSMS have been extended and were recently published (5 ). The regression equations obtained for FT 4 and FT 3 were: [37°C] ϭ 1.514 [25°C] Ϫ 0.097 (r ϭ 0.974) and [37°C] ϭ 1.495 [25°C] ϩ 0.038 (r ϭ 0.964), respectively, and were tightly correlated (5 ). The Nichols kit is no longer available, and some commercial laboratories have developed EDMSMS methods that are performed at 37°C and use different membranes from those employed in the Nichols approach. These methods provide results approximately 1.5 times higher than the original Nichols gold standard method.
At Georgetown University (Washington, DC) and NMS Laboratories (Willow Grove, PA) we have recently changed the temperature of the UF step to 37°C to both perform UF at the physiologically relevant temperature and harmonize our results to those from other commercial laboratories. This move from 25°C to 37°C increases the results and reference intervals by a factor of approximately 1.5 (5 ) but in no way affects data interpretation. Finally, it is noteworthy that the Endocrine faculty at Children's National Medical Center are happy with the FT 4 /FT 3 results they have routinely been getting over the past 3 years (Ͼ30 000 samples), measurements obtained with UFMSMS in which the UF is performed at 25°C. The Children's National Medical Center has refused to allow us to change the UF temperature to 37°C! The direct analog IA methods previously used at Children's National Medical Center have been discontinued because of their lack of credibility, and only UFMSMS FT 4 and FT 3 results are available.
In summary, our laboratory has performed extensive comparisons between UFMSMS, performed at both 25°C and 37°C, and EDIA and EDMSMS. In all studies the results were in close agreement. In contrast to ED, UF is a rapid procedure and the precision afforded by UF is also far superior to that of ED. 
